Egȋrdir Lake basin was selected as the study area because the lake is the second largest freshwater lake in Turkey and groundwater in the basin is used as drinking water. In the present study, 29 groundwater samples were collected and analyzed for physico-chemical parameters to determine the hydrochemical characteristics, groundwater quality, and human health risk in the study area. The dominant ions are Ca 2þ , Mg 2þ , HCO 3 2À , and SO 4 2 . According to Gibbs plot, the predominant samples fall in the rock-water interaction field. A groundwater quality index (WQI) reveals that the majority of the samples falls under good to excellent category of water, suggesting that the groundwater is suitable for drinking and other domestic uses. The Ca-Mg-HCO 3 , Ca-HCO 3 , Ca-SO 4 -HCO 3 , and
techniques are widely accepted methods to determine the quality of water (Kumar et al. ) . In addition, numerous water quality indices have been formulated all over the world, such as the US National Sanitation Foundation Water Quality Index (NSFWQI) (Brown et ; Kannel et al. ) to assess water quality. These indices are one of the most effective ways for water quality information provision to the public, concerned authorities, or policy-makers for water quality management and are considered to be one of the simplest methods used for overall water quality assessment (Shabbir & Ahmad ) .
Groundwater contamination by inorganic and organic compounds of natural or anthropogenic origin represents a serious global environmental problem since groundwater is used as a significant drinking water source worldwide.
The identification and characterization of associated human health risks are important problems that need to be addressed by environmental and medical geochemistry (Rapant & Krêmová ) . It is known that water pollution may become a significant threat to human health (Davies ) . Nearly 25,000 people die of such water pollution problems every day and one-third of urban inhabitants in developing countries cannot access safe drinking water (Yin & Deng ; Li & Ling ) . Generally, drinking water containing different anions and heavy metals has significant adverse effects on human health either through deficiency or toxicity due to excessive intake (Varol & Davraz b) . generally occurs in nature, is beneficial to human health in trace amounts, but can be toxic in excess (Varol & Davraz b) . Risk assessment is the methodological approach in which the toxicity of a chemical is identified, characterized, and analyzed. Current knowledge of element and compound toxicity enables a descriptive (qualitative) risk assessment based on the identification of adverse effects (chronic, carcinogenic) and the quantitative assessment of risk level (calculation and map presentation of health risk) (Rapant & Krêmová ) . The geographic information system (GIS), a high performance computer-based tool, is playing a critical role in water resource management and pollution study. GIS represents a technological advancement in terms of overlay mapping techniques (Igboekwe & Akankpo ) . Also, many studies have indicated that GIS is a powerful tool to assess water quality (Butler et Varol & Davraz a). GIS applications are used widely in groundwater studies, such as site suitability analyses, managing site inventory data, estimating vulnerability of groundwater to pollution potential from non-point sources of pollution, modeling groundwater movement, modeling solute transport and leaching, and integrating groundwater quality assessment models with spatial data to create spatial decision support systems (Engel & Navulur ) . Additionally, mapping water quality indices within a GIS framework will be a useful tool for water quality management (Shabbir & Ahmad ) .
The present study was carried out to evaluate the hydrochemical characteristics, groundwater quality, and human health risk in Egȋrdir Lake basin, which is one of the important drinking water basins in Turkey. In the study area, groundwater is used as drinking and irrigation water.
There are several point and non-point pollution sources and groundwater quality is under threat in the region.
Hence, this study has great importance for the identification of management options for the sustainable usages of the groundwater.
MATERIALS AND METHODOLOGY

Study area
The Egȋrdir Lake catchment area is located within the Lake District in the southwest of Turkey (Figure 1 ). It is a subbasin of the Antalya Basin which is one of the 26 major watersheds of Turkey. Egȋrdir Lake is an indispensable water source for the region because it is the second largest freshwater lake with a 482 km 2 surface area and available water capacity. The lake has different usages, such as irrigation, tourism, and fishing, and also for supplying the drinking water needs of Isparta city. The main recharging of the lake is rainfall, surface flow from streams, and underground flow from aquifers within the Egȋrdir Lake basin.
There are two main groundwater basins, Uluborlu-Senirkent and Yalvaç-Gelendost, with a combined area of 525 km 2 . Yalvaç-Gelendost basin is located in the east of Egȋrdir Lake and covers catchments of the Hoyran and Yalvaç rivers which are discharged to the lake. The most important settlements are Gelendost and Yalvaç, and there are many villages and municipalities connected to these districts. Senirkent-Uluborlu basin is located in the northwest of the lake and besides the Senirkent and Uluborlu districts, Büyükkabaca, Küçükkabaca, İleydagȋ, Yassıören, Ortayazı, Garip, Dereköy, Ulugbey, Basķöy, and Gençali settlements are located in the basin. According to meteorological data obtained from the State Meteorology Works, the main rainfall varies from 348 to 788 mm in the study area (Sȩner & Davraz ) . In recent years, surface and groundwater quality has been under threat in the basin due to many pollution sources, such as open dumps, fertilizer and pesticides practices in agricultural areas, uncontrolled sewerage system, mining activities, etc. (Sȩner ) . Agricultural production takes place in approximately 1,147 km 2 of the Egȋrdir Lake basin. In these regions, natural and synthetic fertilizers and agricultural pesticides have been used in large amounts, and this is the main cause of the degradation of groundwater quality in the study area (Sȩner et al. ) .
Geological and hydrogeological settings
The major factors that control the chemical quality of groundwater are anthropogenic and geologic impacts originating from pollution sources and water-rock interaction in the year using the MODFLOW model (Soyaslan ) . Yalvaç and Hoyran streams discharge 26.38 and 3.42 m 3 /s to Egȋrdir Lake, respectively (Sȩner ). In the west of the lake, the amount of groundwater discharge from alluvium aquifer to Egȋrdir Lake has been calculated as 7.8 hm 3 /year (Seyman ) . Pupa Stream is the most important surface water flowing through the basin and it discharges 12.84 m 3 / year to Egȋrdir Lake (Seyman ; Tay ). Hydraulic conductivity determined in the west of the study area varies between 8.72 × 10 À6 and 2.24 × 10 À4 m/s in alluvium.
Hydraulic conductivity was calculated as 1.18 × 10 À5 to 5.6 × 10 À7 m/s in the east of the basin (Sȩner & Davraz ) .
Pollution sources
Groundwater contamination can be classified into two groups: natural (geogenic) and man-made (anthropogenic) sources. Natural groundwater contamination is primarily caused by water-rock interaction, geothermal field effects and/or infiltration from low quality rivers, lakes, or seawater. Samples were stored in two polyethylene bottles. One of the bottles was acidified with suprapure HNO 3 for determination of cations and another was kept unacidified for anion analyses.
Bottles labeled to avoid misidentification were rinsed in clear spring water several times and then filled to the top to minimize the entrapment of air in water samples (Larsen et ; AOAC ). In addition, determination of nitrate was performed by using spectrophotometer reagents and WTW photoLab Spectral-12 Spektrophotometre. The calculated charge-balance error of the water samples is <5%, and this ratio is within the limits of acceptability. The relative weight (Wi) is computed from the following equation:
Water quality index calculation
where Wi is the relative weight, wi is the weight of each parameter and n is the number of parameters. ∑wi is the sum of all the parameters. Then, a quality rating scale (qi) for each parameter is assigned by dividing its concentration in each water sample by its respective standard and the result multiplied by 100:
where qi is the quality rating scale, Ci is the concentration of each chemical parameter in each water sample in mg/L, and
Si is the World Health Organization standard for each chemical parameter in milligrams per liter according to the guidelines of the WHO (). To calculate WQI, first,
SIi value should be determined with the following equations:
The 
RESULTS AND DISCUSSION
The qualities of a water resource depend on the management of anthropogenic discharges as well as the natural physicochemical characteristics of the catchment areas (Efe et al.
). The statistical summary of the physicochemical parameters and limit values for drinking waters is presented in (Table 1) .
Hydrochemical types
Water chemistry is mainly influenced by water-rock interaction taking place from the recharge area to sampling location (Purushothaman et al. ) . In addition, hydrogeochemical types reflect the effects of chemical reactions occurring between the minerals within the lithologic framework and groundwater (Varol & Davraz a) . In the present study, the groundwater samples were classified hydrochemically using major cations and anions with conventional
Piper trilinear diagram (Piper ) to determine the similarities between groundwater in the basin. Also, a Gibbs diagram was used to understand the genesis of groundwater.
Gibbs diagram
Gibbs () suggested that a simple plot of TDS versus the weight ratio of Na þ /(Na þ þ Ca 2þ ) could provide information on the relative importance of three major natural mechanisms controlling surface water chemistry: (1) atmospheric precipitation; (2) taking into consideration their importance in water quality.
The relative weights (Wi) are computed for each parameter and results are given in Table 2 . The WQI values have been calculated using related equations (Equations (2)-(4)) given in the Methodology section, and WQI results and water types for individual samples are presented in Table 3 . WQI interpolation maps of the study area were prepared using GIS techniques and are presented in Figure 6 .
The computed WQI for the groundwater samples values ranged from 21.7 to 54.6 in the study and the groundwater quality of the study area is in the 'excellent' to 'good' range. 89.66% of the groundwater samples represented 
Risk assessment on human health
A human health risk assessment is the process to estimate the nature and probability of adverse health effects in humans who may be exposed to chemicals in contaminated method was used to assess the overall potential for noncarcinogenic effects of metals and nitrate contaminants in groundwater in the Egȋrdir Lake basin. To assess the overall potential for non-carcinogenic effects posed by more than one chemical, an HI approach is developed based on Exposure of human beings to metals could occur via three main pathways, direct ingestion, inhalation through Equations (5) and (6) modified from the US Environmental Protection Agency (USEPA ).
where C i is the concentration of pollutant i in drinking water (mg/L); L is the daily water ingestion rate (L/day); EF is the exposure frequency (days/year); ED is the exposure duration (year), taken as 30 years for non-carcinogens and 70 years for carcinogens; BW is the bodyweight (kg); AT is the average exposure time (in day), 30 years × 365 days/year for noncarcinogens and 70 years × 365 days/year for carcinogens;
SA exposed skin area, unit in cm 2 ; Kp dermal permeability coefficient in water, unit in cm/h; ET exposure time, unit in h/day.
The default values used to estimate potential exposure from drinking contaminated water and the default values (USEPA ) that are used to estimate dermal ADD for adults and children are given in Table 4 . Kp is dermal permeability coefficient in water, unit in cm/h. The default permeability constants for all other inorganic compounds are provided in USEPA () and K p values for several inorganic compounds are given in Table 5 .
Risk characterization was quantified by carcinogenic risk and non-carcinogenic risk. Potential non-carcinogenic risks, reflected by the hazard quotient (HQ), were estimated by comparing exposure or average intake of contaminants from each exposure route (ingestion, dermal) with the corresponding RfD using Equations (7) and (8). If the HQ exceeds 1 (HQ > 1), there might be concern about non-carcinogenic effects. (3)). To evaluate the total potential non-carcinogenic risks posed by more than one pathway, the HI was introduced, which was the sum of the HQs from all applicable pathways. HI > 1 indicated the potential for an adverse effect on human health or the necessity for further study (USEPA , ):
Hazard Quotient(HQ) ¼ ADD RfD (7) where RfD is the reference dose (mg/kg/d), and given in 1.00 × 10 À2 / 6.67 × 10 À5 2.76 × 10 À3 / 6.41 × 10 À6
1.82 × 10 À3 / 8.44 × 10 À6
1.51 × 10 À2 / 7.00 × 10 À5
1.06 × 10 À2 / 7.09 × 10 À5
As 1 × 10 À3 3 × 10 À4 1.23 × 10 À4 1.5 1.22 × 10 0 / 3.81 × 10 À1 2.84 × 10 0 / 8.89 × 10 À1 2.08 × 10 À2 / 6.67 × 10 À2
1.37 × 10 À2 / 4.08 × 10 À2
1.29 × 10 0 / 4.02 × 10 À1 2.89 × 10 0 / 9.03 × 10 À1
1.71 × 10 À4 / 5.49 × 10 À4
1.01 × 10 À3 / 9.90 × 10 À4 B 1× 10 À3 0.2 1.4 × 10 À2 1.01 × 10 À2 / 9.71 × 10 À3
1.00 × 10 À2 / 7.33 × 10 À3
1.01 × 10 À3 / 9.62 × 10 À4
1.08 × 10 À3 / 9.95 × 10 À4
1.00 × 10 À2 / 9.43 × 10 À4
1.09 × 10 À2 / 8.00 × 10 À3 Ba 1 × 10 À3 0.2 1.4 × 10 À2 1.16 × 10 À2 / 8.06 × 10 À4
1.85 × 10 À1 / 6.4 × 10 À3
1.16 × 10 À2 / 8.79 × 10 À4
1.68 × 10 À2 / 5.78 × 10 À4
1.05 × 10 À1 / 9.84 × 10 À3 2.02 × 10 À1 / 6.97 × 10 À3
Cr 1 × 10 À3 3 × 10 À3 7.5 × 10 À5 7.3 × 10 À3 1.33 × 10 À2 / 8.57 × 10 À3 1.21 × 10 0 / 8.00 × 10 À2
1.20 × 10 À2 / 8.80 × 10 À2
1.02 × 10 À1 / 9.56 × 10 À3
1.08 × 10 À1 / 9.40 × 10 À2
1.00 × 10 À1 / 9.19 × 10 À2
1.14 × 10 À5 / 7.51 × 10 À7
1.30 × 10 À5 / 8.27 × 10 À7
Cu 1 × 10 À3 3.7 × 10 À2 8 × 10 À3 1.38 × 10 À2 / 9.03 × 10 À3
1.17 × 10 À2 / 8.83 × 10 À3
1.04 × 10 À4 / 7.21 × 10 À5
1.80 × 10 À3 / 8.44 × 10 À5
1.29 × 10 À2 / 9.97 × 10 À3 1.21 × 10 À2 / 9.09 × 10 À3 Fe 1 × 10 À3 0.3 0.14 5.53 × 10 À2 / 8.57 × 10 À4
1.29 × 10 À1 / 5.56 × 10 À3 2.66 × 10 À3 / 9.16 × 10 À5
1.75 × 10 À3 / 7.53 × 10 À5 5.80 × 10 À2 / 8.98 × 10 À4
1.31 × 10 À1 / 5.63 × 10 À3
Mn 1 × 10 À3 0.14 1.84 × 10 À3 1.23 × 10 À3 / 8.16 × 10 À6
1.04 × 10 À2 / 5.24 × 10 À5
1.69 × 10 À2 / 8.01 × 10 À5
1.11 × 10 À2 / 9.17 × 10 À6
1.21 × 10 À2 / 6.08 × 10 À5
1.02 × 10 À3 / 7.76 × 10 À5 Ni 2 × 10 À4 2 × 10 À2 5.4 × 10 À3 1.00 × 10 À3 / 1.43 × 10 À4 1.07 × 10 À2 / 3.33 × 10 À4 1.66 × 10 À5 / 2.37 × 10 À6 1.09 × 10 À5 / 1.56 × 10 À6 1.02 × 10 À3 / 1.45 × 10 À4 1.07 × 10 À2 / 3.35 × 10 À4 Pb 1 × 10 À4 3.6 × 10 À3 5.5 × 10 À2 2.78 × 10 À2 / 7.94 × 10 À4 1.11 × 10 À2 / 7.41 × 10 À3
1.26 × 10 À6 / 9.43 × 10 À7 1.28 × 10 À5 / 7.33 × 10 À7 U 1× 10 À3 3 × 10 À3 0.4 1.30 × 10 À2 / 9.14 × 10 À3 1.22 × 10 À1 / 9.91 × 10 À2 1.15 × 10 À4 / 9.26 × 10 À6 1.02 × 10 À4 / 6.67 × 10 À6 Zn 6 × 10 À4 0.3 6 × 10 À2 1.07 × 10 À3 / 8.57 × 10 À5 1.09 × 10 À3 / 9.78 × 10 À4 1.63 × 10 À4 / 8.98 × 10 À6 1.78 × 10 À4 / 7.17 × 10 À6
1.14 × 10 À3 / 9.15 × 10 À5 1.68 × 10 À2 / 9.96 × 10 À4 NO 3 1.6 0.8 6.52 × 10 À2 / 1.55 × 10 À2
1.01 × 10 À1 / 9.67 × 10 À2
1.01 × 10 À3 / 7.93 × 10 À4 1.10 × 10 À3 / 8.81 × 10 À4
1.62 × 10 À2 / 6.81 × 10 À2
1.02 × 10 À1 / 9.83 × 10 À2 trace elements and nitrate except As for adults was less than 1 in all sample locations, suggesting that these elements posed little hazard. HQ ingestion of As was more than 1 implying that
As may cause adverse health effects and potential non-carcinogenic concerns. HQ ingestion of As for adults was more than 1 in three locations and was near unity in other locations ( Figure 7) . However, HQ ingestion of As for child was more than 1 in all of the locations except for two samples in the Egȋrdir Lake basin, indicating serious health concerns ( Figure 8 ). In addition, HQ ingestion of Cr for child was more than 1 at only one location. The HQ dermal (hazard index by dermal absorption) of all trace elements and nitrate for adults and children was below unity, indicating that these metals posed little hazard via dermal absorption. The largest value of HQ dermal was 0.15, which was for Cr for child. Overall HI of As for child exceeded 1, and HI of As for adults also exceeded 1 in seven locations (Y1, Y4, Y5, Y6, Y7, Y8, Y14).
HI of Cr for child was more than 1 in Y3 location and HI of Cr for adults was near 1 in the same location. It can be concluded that the highest contributors to chronic risks were As and Cr for both adults and children. This indicated that As posed serious health concerns to the local residents via oral intake, while other metals via oral intake and all the elements via dermal absorption had no or little health threat.
Carcinogenic risk of As through oral intake for child exceeded the target risk of 1 × 10 À4 ( 
CONCLUSIONS
The hydrochemical characteristics, groundwater quality, and human health risk in Egȋrdir Lake basin was evaluated in the present study. Egȋrdir Lake is an indispensable water source for the region due to usage aims such as drinking/irrigation water, tourism, and fishing. The groundwater is used as drinking and irrigation water in the study area. A total of 29 samples were taken from wells within the study area and TS- () limit values. All the other parameters are within the permissible limit for drinking water. In the study area, groundwater quality is slowly reaching an unsuitable stage for drinking water due to industrial and agricultural activities. Moreover, water-rock interaction affects the water quality adversely. According to the WQI classification, the water samples fall into the excellent to good water category. In general, groundwater quality in Yalvaç-Gelendost basin is lower than Senirkent-Uluborlu basin. However, high Al, As, and Fe content was determined in Senirkent-Uluborlu basin related to water-rock interaction and agricultural activities. Risk assessment is an attempt to identify and quantify potential risks to human health resulting from exposure to various contaminants. In this study, oral ingestion and dermal route were taken into consideration for adults and children. HQ ingestion of As for adults was more than 1 in three locations. However, HQ ingestion of As for children was more than 1 in all of the locations except for two samples in the Egȋrdir Lake basin, indicating serious health concerns.
In addition, HQ ingestion of Cr for child was more than 1 at only one location. It can be concluded that the highest contributors to chronic risks were As and Cr for both adults and children. This indicated that As posed serious health concerns for local residents via oral intake, while other metals via oral intake and all the elements via dermal absorption posed no or little health threat.
